Objective: People with epilepsy (PWE) develop complications and comorbidities often requiring admission to hospital, which adds to the burden on the health system, particularly in low-income countries. We determined the incidence, disability-adjusted life years (DALYs), risk factors, and causes of admissions in PWE. We also examined the predictors of prolonged hospital stay and death using data from linked clinical and demographic surveillance system. Methods: We studied children and adults admitted to a Kenyan rural hospital, between January 2003 and December 2011, with a diagnosis of epilepsy. Poisson regression was used to compute incidence and rate ratios, logistic regression to determine associated factors, and the DALY package of the R-statistical software to calculate years lived with disability (YLD) and years of life lost (YLL). Results: The overall incidence of admissions was 45.6/100,000 person-years of observation (PYO) (95% confidence interval [95% CI] 43.0-48.7) and decreased with age (p < 0.001). The overall DALYs were 3.1/1,000 (95% CI, 1.8-4.7) PYO and comprised 55% of YLD. Factors associated with hospitalization were use of antiepileptic drugs (AEDs) (odds ratio [OR] 5.36, 95% CI 2.64-10.90), previous admission (OR 11.65, 95% CI 2.65-51.17), acute encephalopathy (OR 2.12, 95% CI 1.07-4.22), and adverse perinatal events (OR 2.87, 95% CI 1.06-7.74). Important causes of admission were epilepsyrelated complications: convulsive status epilepticus (CSE) (38%), and postictal coma (12%). Age was independently associated with prolonged hospital stay (OR 1.02, 95% CI 1.00-1.04) and mortality (OR, 1.07, 95% CI 1.04-1.10). Significance: Epilepsy is associated with significant number of admissions to hospital, considerable duration of admission, and mortality. Improved supply of AEDs in the community, early initiation of treatment, and adherence would reduce hospitalization of PWE and thus the burden of epilepsy on the health system.
Epilepsy-related hospital admissions are increasing in high-income countries; for example, the rate of hospital use increased from 66 to 68/100,000 persons/year over 10 years in England and Wales, 4 and by 27% over 12 years in the United States. 6 In the American study, epilepsy accounted for more than half of all hospital stays among admissions of PWE, with respiratory-related complications being the most common causes for admission. 6 The hospital admission rates would be expected to be higher in SSA compared to the West because of the higher prevalence of epilepsy 7 and the larger treatment gap. 3 In addition, epilepsy in Africa is associated with increased complications such as status epilepticus, burns, and head injuries, 8 which often require treatment at the hospital. Nevertheless, there are few published studies that document the burden, causes, and duration of hospitalization in PWE in SSA, where epilepsy may add a considerable burden on the health system. In Zambia PWE had a poorer socioeconomic status compared to their peers with other medical conditions, 9 but the focus of this study was not to examine the burden of hospitalization due to epilepsy.
This study estimates the incidence of admissions with epilepsy, the associated disability-adjusted life years (DALYs) and determines the important causes and risk factors of admission to a rural hospital among PWE. We further examined the risk factors associated with the major outcomes (duration of hospitalization and mortality) among PWE.
Methods

Study site and population
The study was conducted at Kilifi County Hospital (KCH), the only district level hospital in a rural area with about 250,000 residents. The hospital has a bed capacity of 172 patients and provides general medical and surgical services. An epilepsy clinic has been running since 2003, but many patients visit the psychiatric clinic at KCH, peripheral health centers, and private clinics.
Most of the people in the district are poor and earn a living either through peasant farming (about 70%) or fishing. 10 The prevalence of epilepsy in the community is high. 7 The treatment gap remains a challenge, although it has dropped from 70% in 2003 11 to 62% in 2008 following health education and sensitization programs in the community, 12 and to 33% in those prescribed antiepileptic drugs (AEDs) following the introduction of the Kilifi Epilepsy Education Programme (KEEP). 13 Most patients are treated with standard AED such as phenobarbital, phenytoin, carbamazepine, and sodium valproate, according to the national guidelines. 14 Cultural beliefs influence the use of biomedicine in the management of epilepsy. 15 
Selection of study participants and data extraction
This study includes all children and adults admitted with epilepsy-related complications to KCH. Children (those 13 years or younger), are admitted to the pediatric ward and those older are admitted to the adult wards. We reviewed the admissions register from January 2003 through to December 2011 for patients with a diagnosis of epilepsy and/or history of AED use. The available medical notes were reviewed manually and the following information was obtained: age, sex, address, duration of hospital stay, secondary and tertiary diagnoses and causes of admission (nature of injuries and other ailments), outcomes, and use of AEDs and other drugs. Patients excluded from the study were those for whom there were insufficient data regarding the diagnosis or incorrect diagnosis of epilepsy. The data were extracted in a standard proforma and prepared for statistical analysis by SK and EC, with any disagreements (about 5%) resolved through consensus and in consultation with CN (a pediatric neurologist).
Case definitions
Epilepsy was defined as a history of at least two unprovoked seizures according to the International League Against Epilepsy (ILAE) criteria, 16 excluding all acute symptomatic seizures meeting a criteria defined previously. 17 We categorized the causes of admission as follows; convulsive status epilepticus (CSE); burns; accidents (epilepsy related falls and fractures); postictal coma (history of seizure immediately prior to admission; with a summated Blantyre Coma Scale ≤2 in children older than 9 months 18 and Glasgow Coma Scale score ≤8 in adults); febrile illnesses such as meningitis, malaria, and respiratory infections; postictal psychosis (defined as visual or auditory hallucinations post seizures); anemia; poisoning; hypertension; skin infections; and diarrheal disease, among others.
CSE was defined as continuous seizures lasting ≥30 min and associated with impaired consciousness or repetitive seizures lasting ≥30 min with impaired consciousness in between the seizures. 19 Also classified as probable status epilepticus were those patients who required parenteral anticonvulsants (phenobarbital and/or phenytoin) to stop continuing seizures (i.e., seizures lasting more than 5 min). 20 Seizure semiology was classified as generalized or focal (including focal becoming generalized). 21 Nonadherence to AEDs was based on self-reports. The main outcomes were mortality and prolonged hospital stay, which was defined as a duration of admission ≥75th percentile, representing the extreme or top quartile distribution.
Statistical analysis
Data were entered in Excel (Microsoft, Redmond WA, U.S.A.) and transferred to STATA (Version 11; Stata Corp, Lakeway Drive College Station, TX, U.S.A.) for analysis. Categorical variables were compared with Pearson's chisquare test or Fisher's exact test, where the expected cell frequency was less than five counts. Continuous variables were compared using student t-test or Mann-Whitney U-test, where data were nonparametric.
The factors associated with hospital admissions were determined by comparing the medical histories of those hospitalized with epilepsy with those with epilepsy who were not hospitalized; both groups were identified from a community survey conducted in 2008 in the same area using a standard methodology and questionnaire. 7 Based on the 2008 survey, the people with epilepsy hospitalized (N = 87) and the comparison group of those not hospitalized (N = 679) were similar by age (p = 0.098), sex (p = 0.379), marital status (0.445), education (p = 0.733), and employment status (p = 0.698). The factors associated with prolonged hospital stay and mortality were determined by comparing the clinical features of those with the outcome measure of interest with those without. Associations were determined using logistic regression, in which variables with a p < 0.25 in the univariate analysis were used to build a multivariable model, adjusted for age, sex and marital status, education, and employment status, in a stepwise approach. A p ≤ 0Á05 was considered statistically significant.
Incidence analysis
The incidence of hospital use was calculated by dividing the observed index admissions by population years computed over exact periods of residence in the KHDSS, repeating this for specific age groups often used in epilepsy studies. 7 We examined the incidence trend by calculating rate ratios by year or age group using Poisson regression.
Analysis of DALYs
The DALY package in R statistical software http://users. ugent.be/~bdvleess/DALYcalculator/download-install/ was used to estimate DALYs, using incidence, mortality rate, average age at death, duration of epilepsy, and age at onset of epilepsy, consistent with the Global Burden of Diseases (GBD) criteria. 22 Duration and age at onset of epilepsy were obtained from community studies in the same study area. 8 The analysis was approved by the ethical review committee of the Kenya Medical Research Institute.
Results
General description
There were 992 admissions in PWE over the 8-year period, of whom 743 (75%) were children ( Table 1 ). The median age in years (interquartile range [IQR]) for all participants was 5.6 (2.8-12.2), and 4.0 (2.0-7.0) for children and 22.0 (18.0-29.0) for adults. The number of males in the study was 579/992 (58%) and there were significantly more male admissions among the children (451, 78%) than adults (128, 22%); (p = 0.010).
Rate of hospital admissions
The overall incidence of hospital admissions among PWE was 45.7/100,000 person-years of observation (PYO) (95% confidence intervals [95% CI] 43.0-48.7), and was 32.0/100,000 PYO (95% CI 29.0-35.2) for females and 50.5/100,000 PYO (95% CI 46.6-54.8) for males, with that of males being significantly greater than for females (incidence rate ratio [IRR] 1.58, 95% CI 1.39-1.79; p < 0.001. The incidence of hospital admissions did not significantly change over the 8 years (p = 0.269), although it appeared to reduce after 2008 ( Fig. 1 ). The incidence decreased significantly with age group (IRR 0.64, 95% CI 0.62-0.67; p < 0.001), being highest in 0-5 years (101.6/100,000 PYO, 95% CI 93.0- 111.0) and lowest in 50+ years (3.2/100,000 PYO, 95% CI 1.9-5.3) ( Fig. 1 ).
Burden of hospital admissions among PWE
The relative years of life lost (YLL), years lived with disability (YLD), and the DALYs for hospital admissions per 1,000 PYO were 1.6 (95% CI, 1.2-2.1), 1.5 (95% CI, 0.3-2.9), and 3.1 (95% CI, 1.8-4.7), respectively. The absolute YLL, YLD, and DALYs were 368 (95% CI, 71-720), 401 (95% CI, 287-536), and 754 (95% CI, 252-1,148), respectively. The distribution of relative DALYs by age and sex are shown in Figure 2 .
Factors associated with hospitalization
A number of medical and family history variables were associated with the hospitalization among PWE in the univariate analysis (Table 2 ). In the multivariable analysis, the hospitalization of epilepsy was independently associated with a history of AED use (>90% being on phenobarbital) (odds ratio [OR] = 5.26, 95% CI 2.64-10.90,; p < 0.001), previous hospitalization (OR = 11.65, 95% CI 2.65-51.17; p = 0.001), acute encephalopathy (OR = 2.12, 95% CI 1.07-4.22; p = 0.031), and adverse perinatal events (OR = 2.87, 95% CI 1.06-7.74; p = 0.038).
Seizure types and treatment
Overall focal seizures were documented in 167/992 (17%) and the remainder was generalized seizures (Table 1) . Focal seizures were significantly more common in adults (70/249 [28%]) than in children (97/743 [13%]); p < 0.001 (Table 1) . Among children, complex seizures (focal, prolonged, and/or repetitive) were reported by 427/ 743 (58%).
The use of AEDs was reported in 269/992 (27%) ( Table 1) , and 93/269 (43%) reported taking more than one AED. AED use was greater in adults (88%) than in children (7%); p < 0.001 and in those with focal seizures (77/167, 46%) than in those with generalized seizures (192/825, 23%; p < 0.001).
Causes of hospital admissions among PWE
Epilepsy-related causes
Overall 540/992 (54%) of the admissions were related to epilepsy. CSE was reported in 376/992 (38%) ( Table 1) , being more common in adults than in children (p = 0.005), but did not differ between males and females (p = 0.838). CSE was more common in those who experienced focal (80/ 167, 48%) than generalized seizures (296/825, 36%; p = 0.003) and occurred more in nonfebrile (260/639, 41%) compared to febrile admissions (116/353, 33%; p = 0.020). CSE occurred more in those with a history of AED use (>90% being on phenobarbital) (120/269, 45%) than in those without (256/723, 35%; p = 0.008). Postictal coma was documented in 122/992 (12%) ( Table 1) , and occurred more in children than adults: p = 0.010. Postictal coma was less common in those with CSE (26/376, 7%) than in those without (96/616, 16%; p < 0.001). Epilepsy-related psychosis was documented in 10/992 (1%), being similar in children and adults (p = 0.28). Postictal psychosis occurred more in those with focal seizures (6/167, 4%) than generalized seizures (4/825, 1%; p = 0.006).
Burns were reported in 55/992 (6%) ( Table 1) , being more common in adults than children (p < 0.001), but were similar in females and males (p = 0.98). Burns were more common in those with a history of AED use (29/269, Figure 1 . The incidence of admissions with epilepsy by years of study and age group. The incidence remained stable over the study period but decreased significantly with age group (p < 0.001). Epilepsia ILAE 11%) than in those without (26/763, 3%; p < 0.001). Accidents from falls were documented in 12/992 (1%) ( Table 1 ) and were more common in adults than children; Fisher's exact p < 0.001. Accidents occurred more in those with a history of AED use (9/269, 3%) than those without (3/763, <1%; p < 0.001).
Admissions unrelated to epilepsy
Febrile illnesses were reported in 353/992 (36%), occurring more in children than adults; p < 0.001. Other less common causes of admission unrelated to epilepsy included vomiting, poisoning, hypertension, skin problems, and hydrocephalus, and their proportions are shown in Table 1 .
Duration of hospitalization
The overall median duration of hospitalization in days was 3.0 (IQR 1.0-6.0) days ( Table 1) and was lower in children than in adults; p < 0.001. The overall prolonged hospital stay (>75th percentile of 6 days) was 188/992 (19%), and the proportion in adults was significantly greater than in children (67/249 [27%] vs. 121/743 [16%], p < 0.001). Prolonged hospital stay was more common in those with epilepsy-related complications than in those without (121/540 [22%] vs. 67/452 [15%], p = 0.002).
Several epilepsy factors were associated with prolonged hospital stay in the univariate analysis (Table 3 ). In the multivariable analysis, prolonged duration of hospitalization independently increased with older age (OR 1.02, 95% CI 1.02-1.04; p = 0.010).
Case fatality
The overall case fatality among PWE was 27/992 (3%) ( Table 1) , and was higher in adults than children , p = 0.91). Several epilepsy factors were associated with overall mortality in the univariate analysis (Table 3 ). In the multivariable analysis, mortality was independently associated with older age (OR 1.07, 95% CI 1.04-1.10; p < 0.001).
Discussion
We have reported the first data from linked clinical and demographic surveillance systems on the burden of hospital use among PWE in sub-Saharan Africa. The incidence of use of hospital services is high, particularly in children, but reduced in the last 3 years. There are substantial DALYs (3.1/1,000 PYO) associated with hospitalized epilepsy. Epilepsy-related complications such as CSE and postictal coma accounted for 55% of admissions among PWE. PWE spend considerable time in hospital and mortality is common, with risk increasing with age.
Incidence and hospital use
The incidence of hospital admission of patients with epilepsy in our study is similar to that reported in developed countries such as the United States 6 and the United Kingdom, 4 where admissions were compared between the early 1990s and 2000s. Epilepsy-related complications accounted for more than half of admissions among PWE, much higher than in America (41%). 4 The observed incidence of admission adds a significant burden to rural hospitals, which are already under-resourced, given that epilepsy requires specialized management. The incidence remained high in the first 6 years, but appeared to decrease thereafter. 13 The incidence of hospital use among PWE is higher than that for several other conditions in the same hospital 23, 24 ; the difference could be ascribed to setting-up of an epilepsy clinic within the admitting hospital and sensitization by health education programs. 13 In addition, the high incidence may be caused by complications related to untreated epilepsy due to unavailability of AEDs in the community clinics, particularly phenobarbital. 25 The incidence was high in children who have the least adherence to AEDs in this area, 8, 13 which complicates epilepsy necessitating admission to hospital. Similarly, most children were males, which explains the high incidence in this group, although sex bias of admission cannot be ruled out.
The burden of hospitalization
The burden of epilepsy on hospital services in this area, as measured by DALYs, is comparable to that for admissions with meningitis (3.9/1,000 PYO) and diabetes (3.6/ 1,000 PYO), greater than that for stroke (1.7/1,000 PYO), but lower than that for HIV (20.5/1,000 PYO). 23 The DA-LYs are comparable with those of the GBD study (5.6/1,000 population) and a population-based study in this area (4.3/ 1,000 population), which are based on community samples. 26 YLD contributes more than half of the DALYs (55%) in our study but only 26% in a community study, 26 since most hospitalized epilepsy is severe and does not include deaths that occur in the community. Disabilities associated with epilepsy are increasingly being recognized, 27 and DALYs, which represent the true burden of epilepsy, should be the basis for economic analysis of epilepsy management.
Factors associated with hospitalization
History of AED use was associated with hospitalization, suggesting that AEDs are used by those with severe epilepsy who would visit this district hospital for treatment or admission. This hypotheses is supported by the preponderance of focal features in those using AEDs, who also experienced significantly more frequent seizures and status epilepticus in a previous study. 8 Previous hospitalization was associated with hospital use, probably because these people live near hospitals and are likely to seek care even for nonepilepsy causes such as acute encephalopathy. Adverse perinatal events could be associated with severe focal epilepsy that will require frequent hospitalization. 
Causes of admission
CSE was the most important cause of admission, and is a common complication of epilepsy in SSA, where it is associated with considerable mortality and sequelae. 8, 28 It is likely that CSE occurred in those patients with severe epilepsy, since it was common in AED use, which was associated with focal features. Postictal coma was an important cause of admission and it was likely seizure related and could reflect high focal epilepsy (temporal and frontal lobe). 29 Burns and accidents were increased in those with a history of AED use, suggesting noncompliance in the community. Infections were more important non-epilepsyrelated causes of admission in children than adults, as expected.
Hospital stay and mortality
PWE were more likely to have prolonged stays in the hospital if an epilepsy-related cause was documented, compared to those without such causes. Prolonged hospital stay is of public health importance, since it increases the costs of managing epilepsy. 30 These costs can be twice as high in children as in adults 6 because of significantly higher burden of admission in the former. A public health plan that takes into account estimated costs and treatment options for PWE in this area is required. 31 The hospital case-fatality proportions are twice those reported in a health care cost and utilization project in the United States. 6 This discrepancy is explained by the resource-strained hospital used in our study, with limited capacity to manage epilepsy-related complications such as status epilepticus, 8 a medical emergency associated with mortality. 32 Mortality occurred more in adults than in children, probably explained by the cumulative risk of dying with age and the underlying causes of epilepsy in old age. 33 AED use was not independently associated with mortality in this study (small sample size for deaths), but availability and adherence to AED may reduce mortality. 34 
Strengths and limitations
This is the first study to provide the incidence of hospitalized epilepsy and the burden it impacts on a rural district hospital using data from linked clinical and demographic surveillance system. These data can be used to plan health services in this and other similar hospitals in SSA.
We were not able to estimate the burden of epilepsy in peripheral clinics or include patients who died before arrival to hospital. The risk factors for hospitalization analysis is based on randomly selected PWE for whom the background risk factor variables were available in a community survey. Neurophysiology and imaging data were not available during admission to identify focal features and grade severity. Effect of residual confounders not reported in this study such as HIV status on duration of admission and mortality cannot be excluded.
Conclusions
The burden of hospitalized PWE is high and should be taken into account when planning for health services. Hospitalization in patients with epilepsy is attributed to severe epilepsy, probably due to delays in seeking treatment, epilepsy-related complications such as CSE, and febrile infections. There is considerable duration of admission and high mortality, both of which could be reduced by effective and timely management of epilepsy and other nonepilepsy complications such as infections in the community. Future studies are required on the economic burden of epilepsy for planning health services. These future studies should also focus on implementation of public health interventions aimed at encouraging early initiation of treatment and adherence to prevent complications of epilepsy and subsequent hospitalization.
